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Abstract s 7 

This parer Fresents a sustem  CEHENARETE) 
Which understands and imeroves income lete ls 
defined LISP erogramas such as those written 
Ds Students hesimmins to erogramn im LISE, 
This sstem takes»s a6 aireeuty the erodram 
wi trout amd additional information. Irs 
arder to understand the rrosgrams the sustem 
netar-evalusates it» using 2 library of 
“se pasmsbaic rules" y deseribing the 
construch igor arti correction af  senerel 
progran const rucbs y aiid E set of 
“srecialiste"» deseribing the syntax arei 
semantics of tne standard LISE furnebioms. 
Tne system can use its understanding of the 
Program ta detect errors in ity to debues 
tnem artiy everrbus dl dss to Justify its 
erproposed modifications. This parer dives æa 
brief surveys of the workings of the systemy 
emehasiging on some commented exameles. _ 
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A lot of effort is actually «srent on the develorrement of 
tools to hele Programmers ain cornstructingsy  debudedina and 
verifying rprodrams. Unfortunately most of these tools 

~ impose too much constraints an the intuitions of the. 
Programmer Leff PIJKSTRA 197641» 
~ Bre working only om a very Limited subset of roassible 
eroscrams Eef RUTH 1974 7% | 

- gre only workings on correct  rrosrams Cef ARSAC 1977 y 
TGARASHTI et al 1975le : 


Our aim 26 two- tolg 3 


oe Se to make awe licit LNE know Lecd§se imvolver Lr 
corns bpruchina ermid qdebpuasire fe rosrems amc 


veo Lo verifs = mob bhe correctness af rrosrams - but 
their "eames a atency " and to rravide "hints" for 
improving and correcting their  Yrograms Lo the 
STOEL MME LT è 


To this end we have tuild our system on four main conmceerts t 
t an alsorithm of mete-evaluation Cef GOOSSENS 19781 to helr 
the system to undersbhand esch of the possible raths of the 
PPO ams — | 

2 a set of “Spemialists*»s aise. 2 sat of erocectura t 
srecifications af the suntax and the orerational semantics of 
the eterdard LISP furetians s | 


example ¢ srectalist CAR far the cur tas 


CCAR-1 (X) => . * 
v (% atom (CAR X) 
g tyre (X) = LISTE) 
v (2 S-oxpression (CAR X) 
l & bure {val (X)) = LISTE) 


-~ 


ee 


e Jee 
modify X until CaAned (X) = TI 


parprapehyrasing t 


CAR e@exrects bhat ibg arpragimernb is 
~ amn atom 
and the tyre of the value of the 
ardument is a list 
~ a Sr-exPpess ian 
eeu tine dese of tne value of that 
SEXP TE GELO is ga bist 
ela 
CAR has to modify the argument until 
one of these two conditions is true 


ard tne srecialisht CAR for the semantics 
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CCAR-N =} 


ars $? (X (metavreval X)) - 
test ¢ (ture (val (X)) = LISTE) =% 
(ture (val (X)) = 7) E 
“oe hyrothesize (Xr ture LISTE) 
T => complain (Xy ture $ LIST) 
action ¢ af (existe (CAR X)) eem (CAR XK) 


else Cereate (CAR» X)) =e (CAR X)3 


or in Fererhrasins t 
CARN 


has an arsument named Xs which must be evaluated 
one must verify 
if l 
the tyre of value of the arstument is a 
Lists all is ak 
else | 
if the tere of value of the arsument isn’t 
knowns one has to create a hyrothetical 
Value of ture LIST for X 
else | 
one has to ask the debusser to chande the 
text of the erogram irn such a way that the 
value of X becomes a List 


tne value of CAR is 
if 

there exists slready a CAR of Xs this CAR 

else | 
one has to create a sumbolic value for Xy 
the CAR of which will be tie desired value 


These srecialists are the asents of the metae-evaluation 


anc 


they rerresent the sustem’s knowledge about the rrosgramming 


Langgade user. 


3 a set of "re rasmatic rules" describing general rrogram 


constructs and methods to rersir inconsistencies 


@examele 3 
rule of the derendence of a loop of the 
Predicate => 


Lf na variable of the exit-test is modified inside 
the loors then the loore is inmderendent of the 
exit-test andy its execution is mon-terminating or 
the loor will mever be executed, 


The set of these rules expresses the sustem’s deneral 
knowledge about the well-formedness of rrosrams and shout the 


correction of errorss 
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4 during the analusis of a rrosrams FPHENARETE conmtructs some 
descrirtion = an imternal representation - of the rrogram 
under the form of “cognitive atoms". These mas be considered 
as the nodes of a network-Like rerresentation of the rrogdram 
actually analysed, 


The system accerts every LISE erosram conforming to the 
followings restrictions $ 


=- preaphitionins of tne names of variables» fumtions armed 
Lane ds $ 


= alli furbion cells must ope "cali puy mame" $ 


the umtene fume biare i arauimemts admitted are exrlicit 
Tamica- OPE PEGS LOUIS è 


We call this subset of LISE ? extondeadcd Tirst order LISP. 


To use FPHENARETEs the user has to sive to the system only the 
text of the draft version of the erosram he wants to writes 
without any additional Lifarmatiars like ineut/outeut 
assertions, commentsariess rlans etc. The system will try to 
understand what bhe user wanted to dos grid» if necessary, 
modify the text of the PrO + 


To give some feeling of the working of the systems let uso 
examine some exame les in detail t | f= | 

Qur first examrle is a (vers) erroneous version of the well 
known REVERSE functions. Here is the actual input to the 
system t - 7° | | 


7 OP (NE REV L1 L2 COND ULL Lee AL T RVE Al ONS CRA AL A2)) 
RHENGRE TE wild first correct the srelling errors ? 


ERREUR S 
NOM eei CP ULL ml NULL) 


NOM =~» (P L22 ==> L2) 
ERREUR! | 

NOM ==> (P AL m= LAD 
ERREUR? 

NOM ==> (P AL w= LAL) 
ERREUR? 

NOM == (? RVE -= REV) 
ERREUR: 

NOM == (P? RVE == REV) 
ERREUR? 

NOM ==} (P AL ==> LL) 
ERREUR? 

NOM ~=} (? ONS == CONS) 
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ERREUR 

NOM «<> CP CRA --> CAR) 
ERREUR? 

NOM were CP AL =e L) 
ERREURS 

NOM eee CP AQ |e L2) 


After navins vers well corrocted the sredl ims EPYProrsy, 
FHENARETE proceeds to a first analysis where she uses only her 
syntactic knowledse. The result of this first analysis is a 
"“syumtactically corrent" LISF ë proáiram Cien, 3 Programm 


g 


accerbled bs ars smart LISE anterereter or comeiler) ? 
FROFOSITTON 1 2 


(QE REV (Li L2) 
(CONTI 
(C (NULL Lad Lt) 
7 (REV La (CONS (CAR Lid L2))))) 


These first imerovements have eliminated all the syntactic 
? 


errors. ANYW3ayds there subsist two semantic errors ? 


=i in the recursive call of revs the first argument Li is 
not modified. This creates an infinit recursion. 


-2 even with a modification of Lio in the recursive cally the 
recursion won’t stor either since the stor-test has as 
argument Ley a List which srows longer and lomser in the 
run of the succesive recursive calls, 


PHENARETE can not disambiguate this function - she does mot 
know ansthins of the intentions of the rrosrammer - so she 


+ 


gives two different rrorositions t- 


-ie 


FROFOQSITION 2 3 


CE REV (La L2) 
(CONTI 
CCNULL L2) Lid 
CCNULL 1.19 L2) 
CT (REY (COR L1) (CONS (CAR Li) L2)))>) 


AT LEAST YOUR FUNCTION SEEMS OK TO ME. 


{In this first ferorositionys FHENARETE surrosed the stor-test 
given ta he trues but that the user omitted a second stor-test 
for the case where the second ardument is mot NULL at the 
imitial call of REV, | 
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PROFOSITIONt?. 


(QE REV (Li L2) 
(COND - 
CCNULEL LI) Ld 
(CT (REV (COR LL) (CONS (CAR L19 1.2))))) 


AT LEAST YOUR FUNCTION SEEMS OK TO ME. 


In this second Frorositions FHENARETE surrosed that the user 
inadvertently inverted the arguments af the stor-test»s sa she 
inverts the two arsuments Li and L24 

Of the two corrected versions of the initial draft-rrosram 
FPHENARETE is assured that they will stor and deliver a result 
Wher TAW rst > 


Qur second examrle is an extremly "“simelified"® version of the 
eaually well known function FACTORIAL. Here she is 3 


? (NE FACT N TIMES N FACT N? 


As in the Frevious examples FHENARETE will first translate 
this unrerentesised exeression into an well rarentesized one 3} 


PROPOSITION 1 3 
(HE FACT (N) (TIMES N (FACT N))) 


This first rroposition is a syntactically correct rrogram, bat 
semantically it is mot very correct t | 


“lL at the recursive call N is not modified. This is the 
same kind of error ea in the rrevious examerlers, exert the 
argument here is of rumeric ture. 


wei there is mo stor-test at all? so there are two (¢!) 
reasons to make the recursion infinit, 


Remember that PHENARETE doesn’t know the intentions of the 
rrodranmerysy so she must detect these errors without any 
additional information $ all she can use in the further 
analysis are the semantic srecisalists and the rrasmatic rules. 


+ 


So let us look at her eroposition 3 
EF ROF OS IT tf ON 3 
(TE FACT (N) (CONTI 
(CLE N O) 1) 
(CT (TIMES N (FACT (SURI N))))9)) 


AT LEAST YOUR FUNCTION SEEMS OK TO ME. 
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[his corrected version is actually a correct version of the 


— tast - ae 


factorisal-rrosram. The rerformance is really ě astonishing 
knowing that the system works com Lete lw sutomatical ls 


whithout asking ans avestion to the user and without any 
information about the suerosed intention. | 


+ 


One last CuncommercLect) exanme le $ 


F (DE ANDIT MN CCZEROF N) M) 
CT (AHIT SURI M ADOL N))) 


FROROSITION 1 3 


(QE ALDIT (M N) 
(CONT 
C(ZEROP N) M) 
CT (ADDIT (SUBRI M) (ALNI N))?)) 


FROFOSITION 
CTE ANDQIT (M N)? i 
(CONT 
(CZEROF ND M) 
(CLE M 0) N) 
CT (ADDIT (SURI M) (ALGI N)?))) 


AY LEAST YOUR FUNCTION SEEMS OK TO ME, 


Fraesentls we are workings on some extensions as to find 
Butamatically the intentions and the goals of given pieces of 
code. We would also like to addoin to PHENARETE a module 
Permittinss to exelain the reasonins of the system. This would 
be a dreat hele to tne user. 

The sustem is runnins on FIUFP-1O» uses about 25h word memoruwy 
is aimelemented aim VLISP CCHATLLOUX 1976+ GREUSSAY 197775 and. 
is used by shout 1000 students irn our umiversity. | 
A more detailed deserietion may be found in CWERTZ 19781. 
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